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(54) Electronically steerable embedded laptop computer antenna array 



(57) An electronically steerable patch antenna anray 
(1 0) is formed on the back of a laptop computer display 
(30) and used for wireless communications. The array 
can be formed directly on the surface or a sublayer of 
the display panel or can be formed on a separate sub* 
strate which is then attached to the unit. Beamforming 



circuitry can be used to detect the location of an exter- 
nal wireless transmission and focus the antenna beam 
in the detected direction to allow for increased transmis- 
sion bandwidth and a higher signal-to-noise ratio for 
received signals. 
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De{>criptton 

[OtiOlj Th;^: ^-iventian i:> related to an anienna Kif 
wireless eiectron:c data cornmunlcation. More particu- 
laity, "^;>i5 ir.venVon is related to 3n olGctrOiitetiy hleereci 
anienns fc/ use vVith a laptop cornr. Jter. 



[Ufioa] 1". is becoming increo singly con ifnon to incor- 
pcrale v.M»ele^:3 comm'/niuaiioii devices into i?:ciop, 
hc^.HcJhe5d, or other portable computers. To use such 
wiraiess devices, a ^vireless environment C9n be corifig- 
U'"ed -Ic '.palude data transceivers placeri -.1 various ici;a> 
tions in a building or aeographic area, individual 
computers £ire equipped with appropriate transceivers 
and antennas zo that the r.cmpMter can be connected to 
thc^ ne^vork over a wireless link at '^rioii.«5 places within 
th«: buMmg or area and moved about vvltinout the need 
to repeatedly dtsconi^eci and iecDr!ne.ct ne:twork cables, 
modems, andtiis like. 

[0003] ir« order i:o ciompete witi'i harri-wiraci c-onnec- 
tions. a v/rreless dats link niust f.upport a high daU; rati:^- 
The iink mu.-?t cvhibit n large 6ig;i?jl t'>noise ratio to 
peirnit Hccume data transmission. These needs must 
be balanced vvith th.e conaideration that porlabie wire- 
less devices generally have only limited power available 
tor tnirsrnitting data One method oi ''aducing the powei- 
requiremeni:^ and noise susceptibility of wireless oom- 
municaticj;*3 Is to U3e 3 tian-sceiver with a narrow-beam 
directional .intenna. interference from sources outside 
the team is scteciied oui, thus increasing the overall 
signaKc-noir^e rotio and p5;:rmilc;r>9 th- use of •a lower 
powered ti'^nrjrnl^sion. A drawb^^ck t:Ms srr^^ngerner?t 
is thai :h8 antenna must ba d'rc-JCted properly to a .sys- 
tem transceiver. This often requires the operator the 
wireless computer to orier;! th.^ computer relative ^o a 
transmission source With a relativei)^ high degree of 
accuracy. 

[0004'j An alternative arrangement utilizes a unidi- 
rectional antenna fstructure. For example, U.S. Patent 
No. 5.684, P? --^ to Kard:.^ ot si. discloses a laptop compu- 
ter including a telescoping rod antenna moupted along 
the Side -J tho display. Tne use ot tne unic'reciioni?: 
antnnna elirr-ir.ates thf^ need tc onent the s-^ntef^na with 
respact to a parxiciitar sysleni irs^nscsiver . Hovvevcr, th^ 
antenn^H :f isusceplible to f oise from ail directions, X\\us 
redur:[r;o toG 5ignai4o-n&!se ratio of incoming sionais for 
a given s:ys'L£jm tr?.nsmif?s}on power, ;o addition, since 
power is }?dated in all directions, the power vovM\re6 to 
achieve a given .'^ign-ul powsr level at a set distrince from, 
the computer is greater than that requirod by a diiec- 
tionai antenrifB. 

[00051 A fi:rtnGr drawback associated with lele- 
scoolng or oih?r\v;se ixtandeble antenna, is thai the 
anter.na can l:e damaged ea.3ily wiv-n expended or 



removed orn the laptop, at a minimum reduoing iti? 3f(i- 
Qie.KV. and, in the woi-st cace, damarjing it beyond 
repair. 'I hixi problem also ei-ists for ante.mos which must 
be auaoh.ed separately to the computer. 

[OOCtS"; According to the invention, an antenna arrsy 
\z embedded in or otherwls^^ formed on an appiopriatv- 
10 i^urtHCe of ^. w,reles3 device, such the back of a tiat- 
panel display in ?: !iiptop compuusr. The antenna array 
ccrnpr;!::OS mi.:vp\e anienna elame.its c^rranyed in :^ 
suitabl-^ oonfignimtion, ^r-nerally s n-clarjgular yiid. The 
array c^.n oe' formed aireotiy on or within the displey 
7.5 device, by prirding or other metal deposition techniques, 
or can be formed on a separate subLTtrat- which is then 
attached to the unit. 

formed on mia^rAUE OLANK (UGPTUi 

;?o embedded b8t\.veen the outer plastic cover o? tne lapfop 



screen an 



an electrical rctlsctor The rr:jfleGtor both 



iricr-ares ';he evficiency of the anicnna and ai-so mini- 
mizes the RF interference to protect ti raoio and com- 
pirter pnriion of the system froivi electiDmagnetic 
^^ radistion. Aiternativnly, the PC3 antenna tzm\ be formed 
si^jerately end attached to the back of the display by the 
usrer, -.^.y , 'A' Tim adhesive. 

fOOOS] ^ In a most prafeixed embodiment, at least 

some Q-! th? anteniia elements have separate feeds so 
.70 tl lat the elef i lents are individually contmSlable. This per- 
mits the ojtput beasfi to be eleaYonically "f:>teered\and 
aiio^.s ihe antenna rec^c)t]on to be i:ia]u3ted to improve 
the sit,*nai4o -noise ratio. Such an antenna can be driven 
by a bean'iforrning matrix and associated beamforming 
j5 procrxsor v^hich. mee^uvos the phases ar-d amplituds of 
M'jn?.l5 received by aach c.itenna clement to determine 
the dtrectlor? from ^Vl\c\^ the iransmission originBted. 
The system also controls the phases and amplitudes of 
signals imnsmmcd by the antenna elements to adjust 
40 the c'iiection and width of the cverBll beam as needed. 
For examtple, after a laptop has been positioned and 
roughly directed towards a tiansmission source, a wide 
beam can be used to acquire and generally locate a 
system transceivf-ir. Once the trrjncceiyer has been 
^15 located, a unnos^ beam can be used to allow for greale? 
ocvcr stridency, a highcr^r signal to -noise ?at»o, and a 
concu?riijr,tly gi-eat^sr data traiii^m^ssion rate. 



ii5 



[GOOr*] The foreooinc and other features of the 
Dre-:ent invention will br. understooG mo?e readily from 
the foiiov^ing detailed doscripiicn and drewingc of ilius- 
tratod em.bodiment3 oi the invention in whicit: 

Rg. 1 -s a per^p'^ctive view of a laptop com^puter 
;ncl..scl;>s an antenna array scco.ding to the inven- 
ticn; 
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Fig. 2 is a plan view'of an electronically steerable 
antenna an^ for use in an ennbodiment of the 
invention; 

Ftg. 3 is a cross-sectional view of an antenna inte- 
grated with a flat panel display according to one 
ennbodiment of the invention; 

Fig. 4 is a cross -sectional view of an antenna 
according to a second embodinneni of the invention 
which is suitable for integration with an existing fiat 
panel display; and 

Fig. 5 is a high level diagram of a steerable antenna 
an-ay according to the invention and associated 
system for driving the antenna. 

Detailed Description Of The Preferred Embodi- 
ments 

[0010] Turning to Fig. 1, there is shown a planar 
antenna array 10 embedded in or otherwise formed on, 
attached to, or integrated within a wireless computing 
device 32, such as a laptop computer. The antenna 
array comprises multiple antenna elements 14 which 
are arranged in a suitable configuration, generally a rec- 
tangular grid. The number, size, and arrangement of the 
antenna elements 14 of antenna 10 depend on the 
desired performance characteristics of the antenna 
array, such as its frequency of operation, beam adjusta- 
biiity.etc. 

[0011] The antenna an^y 10 is integrated with a 
suitable surface of a computer 32, such as the back sur- 
face of the display portion 30. The array can be formed 
directly on the surface by printing or other metal deposi- 
tion techniques, or can be formed on a separate sub- 
strate, such as a printed circuit board ("PCB") or plastic 
dielectric sheet, which is then attached to the unit. The 
antenna can also be formed as a sub-layer within the 
display. Various fabrication techniques will be known to 
those of skill in the art 

[0012] In the prefen-ed antenna array embodiment, 
shown-in-Fig— 2^a^-least-some-of-^he-an^e^^a"elcments- 
14 have independent antenna feeds 14b. The use of 
independent feeds 14b permits the input and output for 
the elements to be independently controlled. By prop- 
erly controlling the magnitude and phase of the signals 
applied to each of the independent feeds using tech- 
niques known to those of skill in the art, the direction of 
an output beann can be "steered" and the input signal- 
to-noise ratio increased. The beamforming circuitry, dis- 
cussed in more detail below, is preferably embedded in 
the computer 32, either during manufacturing or on a 
peripheral card, and the antenna 10 is connected to the 
processor 22 by means of an appropriate cable 34. 
While Fig. 2 shows an antenna an^y 1 0 where each ele- 
ment 14 has its own independent feed 14b, the feeds 
14b of several elements 14 can be connected together 



to reduce the number of antenna elements which are 
separably controllable, and thus the complexity of the 
antenna driving hardware and software. 
[0013] Rg. 3 is a horizontal cross-section of one 

5 embodiment of the display 30 in Fig. 1 taken along line 
Ill-Ill in Fig. 1 . The antenna 10 is formed on a PCS sub- 
strate 15 which is attached to the back of the fiat panel 
display 30. An outer cover 36 can also be provided to 
protect the antenna, although one is not necessary for 

TO the invention to operate. 

[001 4] Also shown in Rg. 3 is a refleaor 38 situated 
between the antenna substrate 15 and the display 30. 
The reflector 38 both increases the efficiency of the 
antenna and also minimizes the RF interference to pro- 

15 tect the radio and computer portion of the system from 
electromagnetic radiation from the antenna. A dielectric 
spacer 40 can be inserted between the reflector 38 and 
the antenna substrate 1 5 to increase the output effi- 
ciency of the antenna. The optimal thickness of the die- 

20 lectric spacer 40 depends on the configuration of the 
antenna and factors to consider in selecting an appro- 
priate thickness are known to those skilled in the art of 
antenna design. The various layers can be attached to 
each other and the display 30 by any appropriate mech- 

25 anism. For example, the layers can be bolted, screwed, 
or otherwise fastened together and to the back of the 
display 30. Alternatively adhesives can be used. 
[0015] According to an alternative embodiment of 
the invention, illustrated in cross-section in Fig. 4, an 

30 antenna array 10 is configured to be attachable to an 
appropriate surface on a wireless electronic device, 
such as the back of a existing flat panel display 30' in a 
laptop computer. Preferably, a layered antenna struc- 
ture is used and includes an adhesive layer 44 which 

35 will adhere to the outer cover 42 of the display 30' when 
the antenna is mounted. However, a wide variety of 
other attachment mechanisms for mounting the 
antenna on an appropriate surface can be used. Such 
other mechanisms include screws, clips, snaps, locking 

40 pins, straps, hook-and-loop material, suction cups, and 
the like. 

[0016] Advantageously, this arrangement allows an 

antenna-3rrayi:o"bc'^ffixed^O"a"pTeexistjng1aptop~coTn" 

puter in a manner which eliminates the need to trans- 

45 port separable components and also minimizes the 
likelihood that the antenna will be damaged. The 
antenna 10 is connected to appropriate circuitry in the 
computer or an interface card by means of a cable 34. 
[0017] As discussed above, when the antenna 

50 an3y 10 has elements 14 with independent feeds 14b, 
the antenna directivity can be electrically controlled by 
appropriate interface and beamforming circuitry. Vari- 
ous beamforming circuit configurations for adjusting the 
beam of an antenna array and for analyzing the 

55 received signal patterns to determine a signal source 
are known to those of skill in the art. A block diagram of 
such an antenna array 10 with a particular an^ngement 
of driving hardware 12 is illustrated in Fig. 5. The cir- 
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cuitry can be integrated directly into the wireless device 
32 or contained in a separate expansion card, such as a 
PCMCIA card, which is then connected to device 32. 
[001 8] As shown, each antenna elennent 14 is con- 
nected by feed 1 4b to a respective duplexer 1 6 which is 
used to isolate the transmission and reception paths of 
' the transceiver- ln-the-transnnission-path,-RF/IFxonvert-_ . 
ers 18a convert baseband frequency signals into the 
appropriate transmission frequency and provide the 
converted signal to a particular antenna element via the 
duplexers 16. In the reception path, received signals 
output from the duplexer 16 are converted into base- 
band frequency signals by RF/IF converters 18b. Ana- 
log-to-digital converters 20a are used produce 
appropriate analog output signals. Similarly, analog-to- 
digital converters 20b sample the received signals from 
individual antenna elements and provide the sampled 
values to the digital signal processor 22, including a 
beamforming matrix and processing unit 24. 
[0019] The digital signal processor 22 processes 
the amplitude and phase of the sampled signals and 
determines the most likely direction from which the 
transmission originated. In addition to being processed 
to determine a direction to the source, the signals from 
the digital processor are also demodulated into data 
symbols which represent the received data transmis- 
sion. The symbols are then output to an appropriate 
computer network interface, e.g.. through modem 26, 
for further processing. Similarly, when data is transmit- 
ted from the computer via modem 26, the base digital 
signal is processed by the digital processor 22. The sig- 
nal is then applied to each of the antenna elements 14 
v\^ith appropriate phase and amplitude variations to 
focus the beam in the determined direction of the sys- 
tem transceiver. Adaptive algorithms which perfomn 
these beamforming functions are well known and vari- 
ous beam steering annngements and algorithms, such 
as a minimum mean squared algorithm, can be used. 
More detailed information about beam steering tech- 
niques can be found in John Litva and Titus Kwok- 
Yeung Lo, digital Beamforming in Wireless 
Communications' Artech House, 1996. 
[0020] In a particular implementation, the beam is 
initially configured to be very wide so that precise posi- 
tioning of the wireless device is not required to establish 
communications. Alternatively, a narrow beam may be 
"swept" across its range until contact is made with the 
system transceiver. Once the direction to the system 
transceiver is detemiined, the antenna is adjusted to 
focus on that point, decreasing interference and allow- 
ing a faster rate of data com.m.unicat!on and./or reduced 
transmission power. 

[0021] While the invention has been particulariy 
shown and described with reference to prefen-ed 
embodiments thereof, it will be understood by those 
skilled in the art that various changes in the fonn and 
details may be made therein without departing from the 
spirit and scope of the invention. 



Claims 

1 . A portable computer comprising: 
5 a transceiver; and 



an^antenna integrated with the computer, said ^ 
~ ^antenna In electrical comnnunicatrbri with the' " 
transceiver and including a plurality of antenna 
10 elements each having a respective antenna 

element feed. 

2. The computer of claim 1, wherein said portable 
computer has a substantially flat surface, said 

75 antenna being affixed to said at least one substan- 
tially flat surface. 

3. The computer of claim 1, wherein at least two of 
said antenna element feeds are independent. 

20 

4. A computer display for use in a wireless computing 
environment comprising: 

a flat-panel display having a front viewing sur- 
25 face and a rear surface; and 

an antenna integrated into the flat-panel dis- 
play. 

30 5. The computer display of claim 4, wherein said array 
is embedded in the rear surface of the flat-panel 
display. 

6. The computer display of claim 4, wherein said 
35 antenna array comprises a plurality of antenna ele- 
ments each having a respective antenna element 
feed, at least two of said feeds being independent. 

7. The computer display of claim 4, wherein said 
40 antenna an^y is formed on a dielectric substrate 

and said substrate is affixed to the rear surface of 
the flat-panel display 

8. The computer display of claim 7, wherein said sub- 
45 strata is a printed circuit board. 

9. The computer display of claim 8, further comprising 
an electromagnetic reflector situated between the 
substrate and the viewing surface of the flat-pane! 

50 display. 

10. The computer display of claim 9, further comprising 
a dielectric spacer situated between the reflector 
and the substrate. 



55 



11 . An antenna for use with a portable computer having 
a flat panel display, the antenna comprising: 



4 
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a plurality of antenna elements formed on a 
generally planar substrate, each antenna ele- 
ment having a respective antenna element 
feed; and 



5 



said substrate being attached to a back surface 
of said display when said antenna is mounted 
on said portable computer. 

12. The antenna of claim n, wherein at least two of lo 
said antenna element feeds are independent 

13. The antenna of claim 11, further comprising an 
adhesive layer attached to a surface of said sub- 
strate and the back surface of the display. is 

14. The antenna of claim 13, further comprising an 
electromagnetic reflector situated between the 
adhesive layer and the substrate. 



15. The antenna of claim 14. further comprising a die- 
lectric spacer situated between the electromagnetic 
reflector and the substrate. 

16. The antenna of claim 1 1 , further comprising one of 25 
one of screws, clips, snaps, locking pins, straps, 
hook-and-loop material, and suction cups retaining 
said substrate to the display. 
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FIG, 1 
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FIG. 3 
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